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(57) The technique of the present invention carries 
out image processing of image data, which are to be 
supplied to an image display having a less number of 
expressible tones than a number of tones included in 
original image data and a non-linear display character- 
istic. The procedure of the present invention takes into 
account the non-linear display characteristic of the im- 
age display and corrects a tone value with regard to 
each pixel with a look-up table, so as to enhance a tone 
distribution corresponding to an area of wide intervals 
of output lightness, while reducing a tone distribution 
corresponding to an area of narrow intervals of the out- 
put lightness. The procedure then carries out a disper- 
sion-type halftoning process for color reduction to con- 
vert the corrected tone values to display tone values ex- 
pressible by the image display. A plurality of lookup ta- 
bles are provided corresponding to a plurality of settings 
for a predetermined condition, such as environmental 
temperature, affecting the display characteristic of the 
image display The selected lookup table is changeable 
according to a current setting of the predetermined con- 
dition. This technique of the present invention effectively 
improves the picture quality of resulting displayed imag- 
es on the image display. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a technique of 
processing image data supplied to an image display. 

Description of the Related Art 

[0002] A liquid crystal display (LCD) panel is generally 
used for an image display of cellular phones. The LCD 
panel switches on and off the driving voltage applied to 
liquid crystal cells arranged in a matrix, so as to vary the 
transmission of the liquid crystal and display two-tone 
images, such as letters, characters, and pictures. The 
cellular phones have been advanced significantly to at- 
tain multiplefunctions, and some models are accessible 
to the Internet. With such advance, the multiple tone ex- 
pression is required for the LCD panel of the cellular 
phones to allow display of many pieces of information. 
A color LCD panel has been applied for the cellular 
phones to enable multiple tone expression of color im- 
ages. 

[0003] Image data read with an input device, such as 
a scanner or a digital camera, and image data designed 
on the computer are generally RGB data (8 bits for each 
of R, G, and B and 256 tones in total). The LCD panel 
mounted on the cellular phone has a less number of ex- 
pressible tones in each cell than the number of tones 
included in original image data. Color reduction is ac- 
cordingly carried out. It is assumed here that the LCD 
panel provides expression of eight tones. Fig. 20 shows 
a mapping of 256 tones of image data to 8 tones. The 
procedure equally divides the 256 tones of image data 
into 8 divisions and successively allocates the tone val- 
ues in each division to each "display tone value" ex- 
pressible by the LCD panel. This accomplishes color re- 
duction from 256 tones to 8 tones. For example, the pix- 
els having the input tone value of 1 90 are unequivocally 
mapped to the display tone value of 5. This method is 
called 'simple color reduction 1 . 

[0004] The multiple tone expression on the LCD panel 
may be attained by stepwise setting the effective driving 
voltage applied to liquid crystal cells and stepwise reg- 
ulating the transmission of the liquid crystal. There are 
two known settings for the driving voltage of the LCD 
panel. Fig. 21 A and 21 B show voltage-transmission 
characteristics (V-T characteristics) of the LCD panel, 
that is, the transmission of the liquid crystal against the 
effective driving voltage. 

[0005] The first setting has the transmission at equal 
intervals as shown in Fig. 21 A. As is known to those 
skilled in the art, the LCD panel has non-linear V-T char- 
acteristics. The technique thus regulates the effective 
driving voltage to equalize the intervals of the transmis- 
sion by taking advantage of the pulse width modulation. 



The effective driving voltage corresponds to the display 
tone value expressible by the LCD panel, so that the 
display tone value and the output lightness hold a linear 
relationship. 

5 [0006] The second setting has the effective driving 
voltage at equal intervals as shown in Fig. 21 B. One pic- 
ture screen consists of a plurality of frames. The tech- 
nique controls ON and OFF the driving voltage with re- 
gard to each pixel frame by frame to allow multiple tone 
expression. This setting, however, causes a variation in 
interval of the transmission, that is, a variation in interval 
of the lightness expressible by the LCD panel. The dis- 
play tone value expressible by the LCD panel and the 
output lightness accordingly have a non-linear relation- 
ship. For example, when the LCD panel is driven in the 
range of the effective driving voltage shown in Fig. 21 B, 
the expressible lightness has wide intervals in an inter- 
mediate tone region, while having narrow intervals in 
both a low tone region and a high tone region. 
[0007] By taking into account the color reproducibility, 
the LCD panel of the pulse width modulation type has 
mainly been applied for the cellular phones. 
[0008] The pulse width modulation, however, has a 
large rate of power consumption. From the viewpoints 
of the extended life of the battery and energy saving, 
such large powerconsumption is serious problem in cel- 
lular phones having small battery capacities. The frame 
skipping with a smaller rate of power consumption has 
thus also been applied for the cellular phones. 
[0009] As discussed previously, the frame skipping 
has non-linear display characteristics and suffers signif- 
icant deterioration of the picture quality due to that. The 
deterioration of picture quality is especially remarkable 
in natural images that have a large percentage of image 
data in the intermediate tone region . For example, in the 
case of displaying an image of 'sky' or 'flesh' having con- 
tinuously varying tone values, the pixels of identical 
lightness (display tone value) collectively appear in a 
specific area where pixels adjoining to each other in the 
original image data have close tone values. Even a one- 
step difference in display tone value leads to a signifi- 
cant difference in lightness. The quasi-contour thus ap- 
pears on the boundary between pixels of different dis- 
play tone values. It is difficult to improve such deterio- 
ration of the picture quality by the hardware configura- 
tion. 

[0010] A liquid crystal display unit with the LCD panel 
generally has an electronic volume for adjusting the dis- 
play contrast. The electronic volume is individually ad- 
justed to maximize the display contrast of the LCD pan- 
el. Fig. 22 is a graph showing adjustment of the display 
contrast of the LCD panel with the electronic volume. 
For example, at the setting of the electronic volume 
equal to T, the voltages at the ON time and the OFF 
time of the driving voltage of the LCD panel are respec- 
tively V1 on and V1 off. The transmissions are Tlon and 
T1off. At the setting of the electronic volume equal to '2', 
the voltages at the ON time and the OFF time of the 
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driving voltage of the LCD panel are respectively V2on 
and V2off. The transmissions are T2on andT2off. There 
is a relationship of V1on/V1off = V2on/V2off = fixed. 
T1 on-T1 off or T2on-T2off corresponds to the contrast. 
[0011] The contrast of the LCD panel varies according 
to the working environments (temperature and bright- 
ness) and the settings (ON-OFF state of the backlight). 
For example, the temperature characteristic of the LCD 
panel affects the contrast thereof. At low environmental 
temperatures, the transmission of the LCD panel is low- 
ered to reduce the contrast. At high environmental tem- 
peratures, on the contrary, the transmission of the LCD 
panel is raised to enhance the contrast. Such a variation 
in contrast may deteriorate the picture quality of the re- 
sulting displayed images. 

SUMMARY OF THE INVENTION 

[0012] The object of the present invention is thus to 
provide a technique that carries out image processing 
of image data, which are to be supplied to an image dis- 
play having a less number of expressible tones than the 
number of tones included in original image data, thus 
improving picture quality of resulting displayed images. 
[001 3] At least part of the above and the other related 
objects is attained by a first image processing apparatus 
that carries out predetermined image processing of im- 
age data, which are to be displayed on an image display, 
and thereby generates supplying data to the image dis- 
play. The image display is a liquid crystal display unit 
that provides frame skipping-type tone display and has 
a less number of expressible display tones with regard 
to each pixel than a number of tones in the image data. 
The first image processing apparatus includes: an input 
unit that inputs the image data; and a color reduction 
process unit that sets a display tone value, which is ex- 
pressible by the liquid crystal display unit, with regard 
to each pixel, based on tone values of the image data. 
The color reduction process unit performs the setting to 
make a range of the tone values allocated to each dis- 
play tone value in at least either one of a high tone region 
and a low tone region narrower than that in an interme- 
diate tone region. 

[0014] As discussed previously, the prior art color re- 
duction process divides the tone values of the input im- 
age data at equal intervals and allocates the respective 
divisions to display tone values expressible by the im- 
age display. In the case of an image display that has a 
linear display characteristic and gives the output light- 
ness against the display tone value at equal intervals, 
this prior art technique ensures ideal tone expression of 
good color balance. In the case of an image processing 
apparatus that provides frame skipping-type tone dis- 
play, which has a non-linear display characteristic, the 
prior art technique does not ensure the ideal tone ex- 
pression, because of the bias of the output lightness. 
The setting of the electronic volume shown in Fig. 22 
narrows the interval of expressible lightness in at least 



one of a low tone region and a high tone region, com- 
pared with the interval of lightness in an intermediate 
tone region. In the arrangement of the present invention, 
on the other hand, the color reduction process unit sets 

5 the display tone values, such that a range of the tone 
values allocated to each display tone value in at least 
either one of a high tone region and a low tone region 
is made narrower than that in an intermediate tone re- 
gion. This enables an approach to ideal tone expres- 

10 sion. It is preferable that the setting of the display tone 
values has varying intervals, which are identical with the 
varying intervals of the lightness output against the dis- 
play tone value by the image display. 
[0015] The present invention is also directed to a sec- 

15 ond image processing apparatus for generating supply- 
ing data to the image display, which has a non-linear 
display characteristic providing the output lightness at 
varying intervals. The second image processing appa- 
ratus includes: an image data correction unit that carries 

20 out tone correction by taking into account the non-linear 
display characteristic to enhance atone distribution cor- 
responding to an area of wide intervals, while reducing 
a tone distribution corresponding to an area of narrow 
intervals in a tone distribution of input image data; and 

25 a color reduction process unit that divides a range of the 
tone correction into a preset number of divisions and al- 
locates tone corrected values in each division to each 
display tone value according to a predetermined rule, 
so as to implement color reduction. 

30 [0016] The second image processing apparatus of 
the present invention takes into account the non-linear 
display characteristic of the image display and carries 
out above mentioned tone correction to enhance a tone 
distribution corresponding to an area of wide intervals, 

35 while reducing a tone distribution corresponding to an 
area of narrow intervals in atone distribution of the input 
image data. The second image processing apparatus 
then carries out color reduction to allocate corrected val- 
ues in each division to each display tone value accord- 

40 jng to a predetermined rule. Here the expression 'to en- 
hance the tone distribution' means to increase the 
number of pixels having tones values in a predeter- 
mined region . The expression 'to reduce the tone distri- 
bution' means to decrease the number of pixels having 

45 tone values in a predetermined region. 

[0017] Such image processing is equivalent to a proc- 
ess of changing the range of the input tone values allo- 
cated to each display tone value. This ensures an ap- 
proach to ideal tone expression, as in the case of the 

50 first image processing apparatus of the present inven- 
tion. The arrangement of the second image processing 
apparatus also enables the image data correction unit 
and the color reduction process unit to be designed in- 
dependently. This arrangement enhances the flexibility 

55 and requires the change of only the image data correc- 
tion unit in the case of a variation in display character- 
istic of the image display. 

[0018] In the second image processing apparatus, it 
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is preferable that the preset number of divisions are ob- 
tained by dividing the range of the tone correction into 
substantially equal parts. Especially preferable are divi- 
sions of powers of 2. 

[0019] This arrangement ensures uniform color re- 
duction in the respective divisions. The 'equal parts' may 
not be strictly equal to one another. Divisions of powers 
of 2 enhance the rate of arithmetic operations and there- 
by the rate of image processing in the image processing 
apparatus with a computer. 

[0020] The present invention is also directed to a third 
image processing apparatus for generating supplying 
data to the image display, which has a non-linear display 
characteristic providing the output lightness at varying 
intervals. The third image processing apparatus in- 
cludes a color reduction process unit that divides a 
range of tone values of the image data into plural divi- 
sions of varying widths corresponding to the non-linear 
display characteristic and allocates tone values in each 
division to each display tone value according to a pre- 
determined rule, so as to implement color reduction. 
[0021] The third image processing apparatus of the 
present invention divides the range of tone values into 
divisions of varying widths corresponding to the non-lin- 
ear display characteristic of the image display, and car- 
ries out color reduction that allocates the tone values in 
each division to each display tone value according to a 
predetermined rule. This ensures an approach to ideal 
tone expression, as in the case of the first and the sec- 
ond image processing apparatuses discussed above. 
[0022] In the fist through the third image processing 
apparatus of the present invention, it is preferable that 
the color reduction process unit carries out a dispersion- 
type halftoning process for color reduction. 
[0023] The 'dispersion-type halftoning process' pre- 
vents the pixels having thesame display tone valuefrom 
collectively appearing after the color reduction process. 
Known techniques, such as dither method and error dif- 
fusion method, may be applicable for such halftoning 
process. 

[0024] Application of the dispersion-type halftoning 
process for color reduction assures dispersion of pixels 
having identical lightness in a predetermined area. This 
effectively prevents the appearance of the quasi-con- 
tour and improves the picture quality of the resulting dis- 
played images. 

[0025] In the image processing apparatus having any 
of the above arrangements, the image display is applied 
for a cellular phone and implements frame skipping-type 
tone display. 

[0026] The liquid crystal display unit that provides the 
frame skipping-type tone display generally gives, due to 
its actuation system, output lightness varying stepwise 
against expressible display tone value and has a non- 
linear display characteristic providing the output light- 
ness at varying intervals in at least one of a low tone 
region and a high tone region. This liquid crystal display 
unit has the better rate of power consumption than a liq- 



uid crystal display unit of pulse width modulation-type 
actuation, and may thus be mounted on cellular phones 
of small battery capacities. The principle of the present 
invention is thus applicable to image processing of im- 
5 age data, which are to be supplied to a liquid crystal dis- 
play unit that is used for cellular phones, provides frame 
skipping-type tone display, and has a less number of ex- 
pressible tones. 

[0027] In accordance with one preferable embodi- 

10 ment of the first and the second image processing ap- 
paratus, the image data correction unit carries out the 
tone correction that reduces a tone distribution in an in- 
termediate tone region while enhancing tone distribu- 
tions in both a low tone region and a high tone region. 

15 [0028] This arrangement enhances the contrast of the 
displayed images. In the case where an intermediate 
tone region corresponds to the area of wide intervals of 
lightness output from the image display and a high tone 
region and a low tone region correspond to the area of 

20 narrow intervals of lightness, the tone correction is op- 
posite to the tone correction discussed above. In this 
case, the tone correction is carried out to some extent 
that does not damage the effects of the previous tone 
correction. The dispersion-type halftoning process car- 

25 ried out by the color reduction process unit of the image 
processing apparatus reduces the frequency that pixels 
having a significant difference in lightness adjoin to each 
other in the intermediate tone region, thus improving the 
picture quality of the resulting displayed images. 

30 [0029] In accordance with one preferable application 
of the present invention, the second image processing 
apparatus further includes storage means that stores 
therein a mapping of tone values of the input image data 
to corrected tone values. The image correction unit re- 

35 fers to the storage means to correct the tone values. 
This application is also preferable in the first image 
processing apparatus of the present invention. 
[0030] This arrangement refers to the relationship be- 
tween the tone values of the input image data and the 

40 tone values of the corrected image data, which is stored 
in advance, thus facilitating correction of image data. 
The storage means may be a look-up table or arithmetic 
operations with preset functions. 
[0031] The second image processing apparatus of 

45 the above application may further include: a plurality of 
the storage means that are provided corresponding to 
a plurality of settings for a predetermined condition, the 
predetermined condition affecting the display character- 
istic of the image display; and a storage means selection 

50 unit that selects one among the plurality of storage 
means, based on an input setting for the predetermined 
condition. 

[0032] For example, the predetermined condition may 
be temperature around the image display. 
55 [0033] The display characteristic of the image display 
may vary according to the temperature of the environ- 
ment in which the image display is used. The arrange- 
ment of appropriately changing the storage means, 
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which is used for the tone correction of image data, ac- 
cording to the environmental temperature effectively im- 
proves the picture quality of the resulting displayed im- 
ages. The environmental temperature may be input 
manually or automatically from a temperature sensor. 
[0034] In another example, the predetermined condi- 
tion may be brightness around the image display. 
[0035] The display characteristic of the image display 
may vary according to the brightness of the environment 
in which the image display is used. The arrangement of 
appropriately changing the storage means, which is 
used for the tone correction of image data, according to 
the brightness of the working environment effectively 
improves the picture quality of the resulting displayed 
images. The brightness may be input manually or auto- 
matically from a photo sensor. 

[0036] In accordance with one preferable application 
of the present invention, the image display is a liquid 
crystal display unit with a backlight, and the predeter- 
mined condition is brightness of the backlight. 
[0037] The display characteristic of the liquid crystal 
display unit varies according to the brightness of the 
backlight. The arrangement of appropriately changing 
the storage means, which is used for the tone correction 
of image data, according to the on-off state and the 
brightness of the backlight effectively improves the pic- 
ture quality of the resulting displayed images. 
[0038] In still another example, the predetermined 
condition may be a setting of a contrast adjuster that 
adjusts display contrast of the image display. The con- 
trast adjuster is, for example, an electronic volume. 
[0039] The display characteristic of the image display 
varies according to the setting of the contrast adjuster. 
The arrangement of appropriately changing the storage 
means, which is used for the tone correction of image 
data, according to the setting of the contrast adjuster 
effectively improves the picture quality of the resulting 
displayed images. 

[0040] The present invention is further directed to a 
fourth image processing apparatus that carries out pre- 
set tone correction of image data, which are to be dis- 
played on an image display. The image display has a 
less number of expressible display tones with regard to 
each pixel than a number of tones included in the image 
data and gives output lightness varying stepwise 
against display tone value. The fourth image processing 
apparatus includes: a first storage unit that stores a plu- 
rality of characteristic curves corresponding to a plurality 
of settings for a predetermined parameter, each char- 
acteristic curve representing a relationship between the 
tone value of the image data and the lightness; a second 
storage unit that stores therein a preset characteristic 
curve that represents a desired relationship between the 
tone value and the lightness; a data generation unit that 
receives an input of the predetermined parameter, se- 
lects a characteristic curve among the plurality of char- 
acteristic curves according to the input of the predeter- 
mined parameter, and generates data that represents a 



mapping of tone values of input image data to corrected 
tone values, based on the selected characteristic curve 
and the preset characteristic curve, so as to compen- 
sate for a difference between the selected characteristic 

5 curve and the preset characteristic curve; and an image 
data correction unit that corrects tone values of the input 
image data by referring to the generated data. 
[0041] In this arrangement, data representing the re- 
lationship between the tone values of the input image 

10 data and the tone values of the corrected image data 
are generated according to the input of the predeter- 
mined parameter and used for tone correction of the im- 
age data. This effectively improves the picture quality of 
the resulting displayed images. The 'predetermined pa- 

15 rameter 1 here includes parameters that affect the display 
characteristic of the image display, such as the temper- 
ature and the brightness of the environment in which the 
image display is used. 

[0042] The above description regards the image dis- 

20 play having the non-linear display characteristic. Appli- 
cation of the tone correction technique of the present 
invention is, however, not restricted to the image display 
having the non-linear display characteristic. 
[0043] From this point of view, the present invention 

25 is also directed to a fifth image processing apparatus 
that carries out predetermined image processing of im- 
age data, which are to be displayed on an image display, 
and thereby generates supplying data to the image dis- 
play. The fifth image processing apparatus includes: 

30 storage means that stores in advance a relationship be- 
tween tone values before and after tone correction, 
which is set based on a display characteristic of the im- 
age display; an image data correction unit that carries 
out tone correction of the image data, based on the 

35 stored relationship; and a color reduction process unit 
that carries out color reduction to convert tones of the 
corrected image data into tones expressible by the im- 
age display. 

[0044] Like the image processing apparatuses dis- 

40 cussed above, it is preferable that the color reduction 
process unit of the fifth image processing apparatus car- 
ries out a dispersion-type halftoning process. 
[0045] The fifth image processing apparatus carries 
out the tone correction according to the display charac- 

45 teristic of the image display, which may be a linear var- 
iation. The display characteristics to be considered by 
the fifth image processing apparatus includethe general 
bias of lightness, an increase in lightness with an in- 
crease in displaytone value, andthe numberof express- 

50 ible tones. 

[0046] The 'relationship' to be stored in the storage 
means is set analytically or experimentally by taking into 
account such characteristics. The relationship is not re- 
stricted to one, but a plurality of relationships may be 

55 provided in advance. 

[0047] In accordance with one preferable embodi- 
ment of the present invention, the fifth image processing 
apparatus includes: a plurality of the storage means that 
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are provided corresponding to a plurality of settings for 
a predetermined condition, the predetermined condition 
affecting the display characteristic of the image display; 
and a storage means selection unit that selects one 
among the plurality of storage means, based on an input 5 
setting for the predetermined condition. 
[0048] This arrangement enables appropriate selec- 
tion of the relationship according to the setting of the 
predetermined condition, thus attaining adequate tone 
correction. 10 
[0049] The present invention is also directed to a 
method of generating data that are used for predeter- 
mined tone correction of image data, which are to be 
displayed on an image display. The image display has 
a less number of expressible display tones with regard 15 
to each pixel than a number of tones included in the im- 
age data and gives output lightness varying stepwise 
against display tone value. The data generating method 
includes the steps of: (a) specifying a characteristic 
curve that represents a current relationship between the 20 
tone value of the image data and the lightness; (b) pre- 
setting a characteristic curve that represents a desired 
relationship between the tone value and the lightness; 
and (c) generating data that represents a mapping of 
tone values of input image data to corrected tone values, 25 
based on the characteristic curve specified in the step 
(a) and the characteristic curve preset in the step (b), so 
as to compensate for a difference between the specified 
characteristic curve and the preset characteristic curve. 
[0050] This method generates the data used for tone 30 
correction carried out in the fourth image processing ap- 
paratus discussed above. 

[0051] The present invention is actualized by image 
processing methods, in addition to the image process- 
ing apparatuses and the method of generating data 35 
used for tone correction discussed above. Other possi- 
ble applications of the present invention include compu- 
ter programs that attain these methods, data used for 
such computer programs, recording media in which 
such computer programs are recorded, and data signals 40 
that include such computer programs and are embodied 
in carrier waves. The variety of additional factors dis- 
cussed above may be adopted in such applications. 
[0052] When the principle of the present invention is 
actualized by the computer program or the recording 45 
medium in which the computer program is recorded, the 
construction may include the whole program for driving 
the image processing apparatus or only part that imple- 
ments the functions of the present invention . Typical ex- 
amples of the recording medium include flexible disks, 50 
CD-ROMs, magneto-optic discs, IC cards, ROM car- 
tridges, punched cards, prints with barcodes or other 
codes printed thereon, internal storage devices (mem- 
ories like a RAM and a ROM) and external storage de- 
vices of the computer, and a variety of other computer 55 
readable media. 

[0053] These and other objects, features, aspects, 
and advantages of the present invention will become 



10 

more apparent from the following detailed description of 
the preferred embodiments with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0054] 

Fig. 1 is a block diagram schematically illustrating 
the structure of a cellular phone with an image 
processing apparatus in a first embodiment of the 
present invention; 

Fig. 2 is a flowchart showing an image processing 
routine that is carried out in the image processing 
module shown in Fig. 1; 

Fig. 3 shows a color table that represents the map- 
ping of 8-bit pallet index colors into 24-bit RGB 
colors; 

Fig. 4 is a graph showing a tone curve with regard 
to R (red) that represents the mapping of tone val- 
ues DXR of input image data to tone values DXr of 
corrected image data; 

Fig. 5 shows a tone value correction table LUT that 
exhibits the tone curve with regard to R (red) shown 
in the graph of Fig. 4; 

Fig. 6 is a flowchart showing a halftoning process 

routine executed in this embodiment; 

Fig. 7 shows a dither matrix as an example; 

Fig. 8A and 8B show the effects of tone correction 

carried out in the first embodiment; 

Fig. 9 shows the effects of tone correction carried 

out in the first embodiment; 

Fig. 1 0 is a block diagram schematically illustrating 
the structure of a cellular phone with another image 
processing apparatus in one modified example of 
the first embodiment; 

Fig. 11 shows a tone curve with regard to R (red) 
that represents the mapping of input first corrected 
values DXr to second corrected values DXr' and is 
recorded in the second tone value correction table; 
Fig. 12 is a block diagram schematically illustrating 
the structure of another cellular phone with an im- 
age processing apparatus in a second embodiment 
of the present invention; 

Fig. 13 is a map showing the relationship between 
the temperature and the brightness of the environ- 
ment, in which the color LCD panel is used, and the 
lookup table to be used for tone correction; 
Fig. 1 4A and 1 4B show an example of the relation- 
ship between the setting of the electronic volume 
and the tone curve; 

Fig. 15 is a block diagram schematically illustrating 
the structure of still another cellular phone with an 
image processing apparatus in a third embodiment 
of the present invention; 

Fig. 1 6 shows a process of creating the tone curve; 
Fig. 1 7 is a block diagram schematically illustrating 
the structure of another cellular phone with an im- 
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age processing apparatus in a fourth embodiment 
of the present invention; 

Fig. 1 8A and 1 8B showthe relationship between the 
input value (or the corrected value) and the record- 
ing rate of the display tone value CDX; 
Fig. 1 9 is a block diagram schematically illustrating 
the structure of still another cellular phone with an 
image processing apparatus in a fifth embodiment 
of the present invention; 

Fig. 20 shows a mapping of 256 tones of image data 
to 8 tones; 

Fig. 21 A and 21 B show voltage-transmission char- 
acteristics (V-T characteristics) of the LCD panel; 
and 

Fig. 22 is a graph showing adjustment of the display 
contrast of the LCD panel with the electronic vol- 
ume. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0055] Some modes of carrying out the present inven- 
tion are discussed below in the following sequence as 
preferred embodiments, in which the principle of the 
present invention is applied to a cellular phone: 

A. Structure of Cellular Phone 

B. Image Processing 

C. Modification of First Embodiment 

D. Second Embodiment 

E. Third Embodiment 

F. Fourth Embodiment 

G. Fifth Embodiment 

H. Modifications 

A. Structure of Cellular Phone 

[0056] Fig. 1 is a block diagram illustrating the struc- 
ture of a cellular phone 1 0 with an image processing ap- 
paratus in a first embodiment of the present invention. 
The cellular phone 1 0 has a color LCD panel 20 as the 
image display, and a system unit 60 including a CPU, a 
ROM, and a RAM. The cellular phone 1 0 is connected 
to a server SV via an external network TN to download 
image data, which is to be displayed on the color LCD 
panel 20. 

[0057] The color LCD panel 20 includes a glass sub- 
strate, an RGB color filter, a transparent electrode, a po- 
larizer plate, a backlight, and an LCD driving circuit. The 
LCD driving circuit is designed to allow display of 256 
different colors with 3 bits for R (red), 3 bits for G (green), 
and 2 bits for B (blue) on the color LCD panel 20 of the 
embodiment. 

[0058] The color LCD panel 20 of the embodiment uti- 
lizes STN liquid crystals and is actuated by a passive 
matrix driving scheme. The color LCD panel 20 adopts 
a driving circuit that provides a low power consumption, 
frame skipping-type tone display, and has effective driv- 



ing voltages set at equal intervals (see Fig. 21 B). The 
color LCD panel 20 accordingly has display character- 
istics: wider intervals of expressible lightness in an in- 
termediate tone region and narrower intervals of ex- 
5 pressible lightness in both a low tone region and a high 
tone region. 

[0059] The system unit 60 has application programs 
30, a browser 40, and an image processing module 50. 
The application programs 30 include a PIM (Personal 
10 Information Manager) that enables the user to manage 
information of the individual level (for example, directo- 
ries and schedules), an e-mail software programs, and 
a software program to display a standby window, such 
as 'Receive Ready'. The browser 40 is a software pro- 
fs gram that gives a display to allow the user to browse 
data downloaded from the server SV. 
[0060] The image processing module 50 includes an 
image processing unit 52 and an LCD driver 56, and 
generates tone signals R (red), G (green), and B (blue) 
20 and timing signals to control actuation of respective liq- 
uid crystal cells in the color LCD panel 20. The image 
processing unit 52 has a resolution conversion unit 53, 
an image data correction unit 54, tone value correction 
tables LUT that are referred to by the image data cor- 
25 rection unit 54, and a halftoning process unit 55. The 
LCD driver 56 has an electronic volume 58 to adjust the 
contrast of display on the color LCD panel 20. The elec- 
tronic volume 58 has been adjusted to give the maxi- 
mum contrast on the color LCD panel 20 on shipment. 
30 [0061] The resolution conversion unit 53 converts the 
resolution of color image data processed and handled 
by the application programs 30 and the browser 40 into 
a resolution processible and handlable by the LCD driv- 
er 56. The image data correction unit 54 refers to the 
35 tone value correction tables LUT, which respectively 
store therein the mapping of the tone values of input im- 
age data to the corrected tone values, and corrects the 
tone values of the image data. The tone value correction 
tables LUT have been set in advance according to the 
40 display characteristics of the color LCD panel 20. The 
halftoning process unit 55 carries out a process of half- 
toning the image data corrected by the image data cor- 
rection unit 54. 



[0062] Fig. 2 is a flowchart showing an image 
processing routine that is carried out in the image 
processing module 50, or more specifically, is executed 

50 by the CPU in the system unit 60. When entering this 
routine, the process control first inputs image data at 
step S1 00. In this embodiment, the input image data are 
given in a GIF (graphics interchange format) file, and 
the color of each pixel is expressed by 8-bit pallet index 

55 colors (256 colors). Prior to the input of the GIF file, a 
color table, which represents the mapping of the pallet 
index colors to tone values expressed with 8 bits each 
for R, G, and B (total 24 bits) is input and stored into the 
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RAM. 

[0063] The process control subsequently converts the 
respective 8-bit image data into 24-bit RGB colors (8 bits 
each for R, G, and B) at step S1 1 0. Fig. 3 shows a color 
table that represents the mapping of 8-bit pallet index 
colors into 24-bit RGB colors. The color table depends 
upon the input image data as mentioned above. This 
color table converts the 8-bit pallet index colors into the 
24-bit RGB colors. 

[0064] The process control then converts the resolu- 
tion to be compatible with display on the color LCD panel 
20 at step S120. 

[0065] At decision point S1 30, it is determined wheth- 
er or not the input image represented by the input image 
data is a natural image. The decision is based on the 
number of colors used for the image. In the case where 
the number of colors used for the input image is less 
than a predetermined value, the program control deter- 
mines that the input image is not a natural image and 
carries out simple color reduction at step S1 60. The pro- 
gram then exits from this routine. In the case where the 
number of colors used for the input image is not less 
than the predetermined value, on the other hand, the 
program control determines that the input image is a nat- 
ural image and carries out the following series of 
processing. 

[0066] When it is determined at step S1 30 that the in- 
put image is a natural image, the process control refers 
to the tone value correction tables LUT (discussed later 
in detail) and corrects the tone values of the respective 
24-bit image data at step S1 40. The tone value correc- 
tion tables LUT are one-dimensional look-up tables pro- 
vided separately for R, G, and B. 
[0067] The correction of the tone values at step S140 
is performed by applying tone curves for the input image 
data as discussed below. Fig. 4 is a graph showing a 
tone curve with regard to R (red) that represents the 
mapping of tone values DXR of input image data to tone 
values DXr of corrected image data. A solid line curve 
La represents the tone curve. For convenience of expla- 
nation, it is assumed that an image display has non-lin- 
ear display characteristics to allow output of the light- 
ness by 256 tones against 256 input tone values. The 
graph also shows the mapping of the input tone values 
DXR to the lightness output by the image display. A 
curve of one-dot chain line Lb represents ideal display 
characteristics. The 'ideal display characteristics' exhibit 
a linear relationship between the display tone value 
(here the input value) and the lightness. A curve of bro- 
ken line Lc represents non-linear display characteristics 
of the image display. 

[0068] Thetonecurvefunctions to compensate forthe 
non-linear display characteristics of the image display. 
For example, the ideal display characteristics output a 
lightness Lm1 against an input value DXR =64. The im- 
age display, however, outputs another lightness Lm2, 
because of its non-linear display characteristics repre- 
sented by the broken line curve Lc. The image display 



outputs the lightness Lm1 against an input value DXR 
=80 as illustrated in the graph. The tone curve accord- 
ingly corrects the input value DXR =64 into the corrected 
value DXr =80. Such correction of the tone values is ap- 
5 plicable to data, which are supplied to the color LCD 
panel 20 having a less number of expressible display 
tones than the number of tones of the input image data. 
[0069] The tone curve is set arbitrarily according to 
the display characteristics of the color LCD panel 20. 
The tone curve may be specified by taking into account 
the gamma characteristics of the color LCD panel 20 
and the visual sensitivity of human eyes. Similar tone 
curves are provided with regard to G (green) and B 
(blue) to represent the mapping of the tone values of 
input image data to the tone values of corrected image 
data. 

[0070] Fig. 5 shows a tone value correction table LUT 
that exhibits the tone curve with regard to R (red) shown 
in the graph of Fig. 4. The tone value correction table 
LUT is stored in the ROM included in the image process- 
ing module 50 (see Fig. 1). Similar tone value correction 
tables LUT with regard to G (green) and B (blue) are 
also stored in the ROM. The tone values may readily be 
corrected by referring to these tables LUT 
[0071 ] On completion of the correction of the tone val- 
ues, the process control carries out a halftoning process 
at step S150. The halftoning process implements color 
reduction from 8 bits each for R, G, and B (256 tones) 
to 3 bits (8 tones) for R and G and 2 bits (4 tones) for B, 
in order to allow actuation and control by the driving cir- 
cuit of the color LCD panel 20. The halftoning process 
is performed for each component of R, G, and B. Known 
techniques like dither method and error diffusion meth- 
od are applicable for the halftoning process. The proce- 
dure of this embodiments adopts the dither method. 
[0072] Fig. 6 is a flowchart showing a halftoning proc- 
ess routine executed in this embodiment. The routine of 
Fig. 6 regards the processing for R (red) and G (green), 
which implements color reduction from the 256 tones of 
the input tone data to 8 tones. The procedure of this em- 
bodiment applies the dither method for the halftoning 
process and provides one 4|B<4 dither matrix, which has 
an arrangement of threshold values TH of 0 to 1 5. Sep- 
arately from the threshold values TH in the dither matrix, 
threshold values TH1 to TH6 (0<TH1 <TH2< ...<TH6 
< 255) are provided to map the 256 tones of image data 
to 8 tones. The threshold values TH1 to TH6 may have 
arbitrary settings. In the procedure of the embodiment, 
the threshold values TH1 to TH6 are set at substantially 
equal intervals (TH1 =36, TH2 =73, TH3 =109, TH4 
=1 46, TH5 =1 82, TH6 =21 9), so as to ensure practically 
even data processing in the respective divisions parted 
by the threshold values TH1 to TH6. 
[0073] Fig. 7 shows a dither matrix as an example. 
The procedure compares data DX' (discussed later) with 
the threshold values TH in the dither matrix and speci- 
fies the tone values after the color reduction, based on 
the results of the comparison. Although the 4§J<4 dither 
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matrix is used in the procedures of this embodiment, the 
dither matrix may have any size. 
[0074] When the program enters the halftoning proc- 
ess routine, at step S200, the process control first inputs 
the corrected data DX obtained at step S1 40 in the flow- 
chart of Fig. 2. 

[0075] The corrected data DX is compared with a 
threshold value TH1 atstepS210. In the case where the 
corrected data DX is less than the threshold value TH1 , 
the value DX in the range of 0 to TH1 is normalized to 
a value DX 1 in the range of the threshold values TH in 
the dither matrix, that is, in the range of 0 to 1 5, at step 
S212. For example, when the corrected data DX =24 
and the threshold value TH1 =36, the normalized value 
DX' is calculated as DX' =15$>DX/TH1 =10. The nor- 
malized value DX' obtained at step S212 is then com- 
pared with the threshold value TH in the dither matrix at 
step S21 4. When the normalized value DX' is not greater 
than the threshold value TH, the value 0 is set to a dis- 
play tone value CDX (CDX =0) at step S21 6. When the 
normalized value DX' is greaterthan the threshold value 
TH, on the other hand, the display tone value CDX =1 
at step S226. 

[0076] In the case where the corrected data DX is not 
less than the threshold value TH1 at step S21 0, on the 
contrary, the corrected data DX is subsequently com- 
pared with a next threshold value TH2 at step S220. In 
the case where the corrected data DX is less than the 
threshold value TH2, the value DX in the range of TH1 
to TH2 is interpolated and corrected to the value DX 1 in 
the range of the threshold values TH in the dither matrix, 
that is, in the range of 0 to 15, at step S222. In this case, 
the corrected value DX 1 is calculated as DX' =1 5®HDX- 
TH1)/(TH2-TH1). The corrected value DX' obtained at 
step S222 is then compared with the threshold value TH 
in the dither matrix at step S224. When the corrected 
value DX 1 is not greaterthan the threshold value TH, the 
display tone value CDX =1 at step S226. When the cor- 
rected value DX' is greaterthan the threshold value TH, 
on the other hand, the display tone value CDX =2 at step 
S236. The similar series of processing is carried out to 
specify the display tone value CDX. 
[0077] When the series of processing of step S200 to 
step S278 is completed for all the pixels, the halftoning 
process is terminated at step S280. The above proce- 
dures are carried out in an iterative manner until all the 
pixels are processed. 

[0078] After completion of the halftoning process, the 
program exits from the image processing routine shown 
in the flowchart of Fig. 2. A resulting image is then gen- 
erated according to the display tone values CDX and 
displayed on the color LCD panel. 
[0079] A similar halftoning process is executed for B 
(blue), which implements color reduction from 256 tones 
of image data to 4 tones. Although the dither method is 
applied for the halftoning process in the procedures of 
the embodiment as discussed above, another tech- 
nique, such as error diffusion method, may alternatively 



be adopted. 

[0080] As discussed above, the procedure of the em- 
bodiment implements the tone correction to compen- 
sate for the non-linear characteristics of the color LCD 
5 panel 20, thus enabling approach to the ideal image dis- 
play. 

[0081] Figs. 8 and 9 show the effects of tone correc- 
tion carried out in this embodiment. To facilitate under- 
standing, it is here assumed that simple color reduction 
10 is carried out after the tone correction and that the inter- 
val of lightness displayed against the display tone value 
in the low tone region and the high tone region is nar- 
rower than that in the intermediate tone region. The low- 
er graph of Fig. 8A is a histogram showing the relation- 
's ship between the input tone value and its frequency (the 
number of pixels). The upper graph of Fig. 8A is a his- 
togram showing the relationship among the display tone 
value after the tone correction and the simple color re- 
duction, its frequency, and the lightness. 
20 [0082] As shown in the lower graph of Fig. 8A, every 
n pixels in the input data have an identical tone value of 
the 256 tones. The input data, for example, corresponds 
to a gradation pattern where the tone value varies from 
0 to 255. Fig. 8B shows an example of such gradation 
25 pattern. This pattern is represented by rectangular 
patches on the color LCD panel 20 of the cellular phone. 
The lightness is fixed in the direction y in the drawing, 
while varying (increasing) in the direction x. When the 
input data undergo the simple color reduction shown in 
30 Fig. 20, pixels in equal divisions a-b, b-c, c-d,... of the 
input tone value are respectively allocated to the display 
tone values CDX =1 , 2, 3, ...as shown in Fig. 8A. It is 
assumed that each division includes N pixels. The fre- 
quency of each display tone value after the color reduc- 
es tion is then equal to N. In the case of ideal 8-tone display, 
the respective display tone values have lightness at 
equal intervals as shown by the thick broken lines in the 
upper graph of Fig. 8A. In the display having non-linear 
characteristics like this embodiment, the respective dis- 
40 play tone values have lightness at different intervals as 
shown by the thick solid lines. The fixed frequency N is 
allocated to each display tone value, regardless of the 
different intervals of lightness expressed at the respec- 
tive display tone values. Such allocation causes the 
45 lightness expressed as a whole to be deviated from the 
ideal state. 

[0083] The deviation of the lightness is described with 
the low tone division b-c as an example. The division b- 
c corresponds to a region A of a fixed width in the gra- 

50 dation pattern shown in Fig. 8B. The upper half of Fig. 
8B is a graph showing a variation in lightness in the re- 
gion A. The lightness to be expressed in the region A 
varies with a linear variation in tone value as shown by 
a straight line L. The lightness to be expressed by the 

55 whole region A corresponds to a hatched area in the 
graph. 

[0084] The graph of Fig. 8B also shows the lightness 
in the case of 8-tone display. As illustrated in Fig. 8A, 
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the pixels in the division b-c are allocated to a fixed dis- 
play tone value CDX =2. Namely the lightness is fixed 
in the region A in the case of 8-tone display. The light- 
ness in the case of ideal tone display is shown by a doted 
straight line LA2, whereas the lightness in the case of 
tone display having non-linear characteristics is shown 
by a solid straight line LA1 . 

[0085] In the ideal tone display (broken lines), the 
lightness corresponding to the display tone value CDX 
=2 is set equal to an intermediate value of the division 
b-c. In this state, the lightness expressed by the whole 
region A, that is, the area defined by the x axis and the 
straight line LA2, is equal to the hatched area. This 
proves that the ideal tone display ensures the adequate 
expression of lightness in the whole region A. 
[0086] In the tone display having non-linear charac- 
teristics (solid lines), the lightness corresponding to the 
display tone value CDX =2 is set to be less than the in- 
termediate value of the division b-c. The area defined 
by the x axis and the straight line LA2 is accordingly 
smaller than the hatched area. Fig. 8A and 8B illustrate 
the deviation of lightness in the low tone region. Be- 
cause of the similar principle, the deviation of lightness 
to be higher than the appropriate value is found in the 
high tone region. 

[0087] The following description regards the display 
after the tone correction of the embodiment with the tone 
curve. In this case, the values in divisions a-b1 , b1 -c1 , 
c1-d1 , ...of the input tone value are subjected to tone 
correction and converted to values in divisions a-b, b-c, 
c-d, ...of the corrected tone value as shown by the mid- 
dle graph and the lower graph of Fig. 9. Pixels in the 
equal divisions a-b, b-c, c-d, ...of the corrected tone val- 
ue are allocated to the display tone values CDX =1 , 2, 
3, ... as shown by the middle graph and the upper graph 
of Fig. 9. The illustration of the middle graph of Fig. 9 is 
on the assumption that the frequency of the corrected 
tone value is fixed in each division. 
[0088] Attention is paid to the divisions a-b1 , b1-c1 , 
and c1-d1 of the input tone value. The tone correction 
with the tone curve shown in Fig. 4 heightens the tone 
values in the low tone region. For example, the input 
tone value b1 is converted to the corrected tone value 
b, which is greater than b1 . In a similar manner, the val- 
ues in the division a-b1 of the input tone value are cor- 
rected to the values in the division a-b of the corrected 
tone value. Since the division a-b1 of the input tone val- 
ue is narrower than the division a-b, a total number of 
pixels N1 in the division a-b of the corrected tone value 
is less than a total number of pixels N in the division a- 
b of the input tone value. The tone correction with the 
tone curve shown in Fig. 4 enhances the distribution of 
the intermediate tones. The values in the division b1 -c1 
of the input tone value are thus corrected to the values 
in the narrower division b-c of the corrected tone value. 
A total number of pixels N2 in the division b-c of the cor- 
rected tone value is accordingly greater than the total 
number of pixels N in the division b-c of the input tone 



value. The values in the division c1 -d1 of the input tone 
value, which is wider than the division b1-c1, are cor- 
rected to the values in the division c-d of the corrected 
tone value. A total number of pixels N3 in the division c- 

5 d of the corrected tone value is thus greater than n2. 
The pixels in the respective divisions are allocated to 
the display tone values CDX =1 , 2, 3. Pixels in the region 
A of the input tone value shown in Fig. 8A are allocated 
to the display tone values CDX =2 and CDX =3 and are 

10 expressed with these two display tone values. The light- 
ness expressed by the display tone value CDX =3 is 
higher than the lightness expressed by the display tone 
value CDX =2. The lightness expressed by the whole 
region A displayed on the color LCD panel 20 is thus 

15 higher than the lightness in the case without the tone 
correction. This procedure thus provides an approach 
to ideal image display. 

[0089] The above discussion regards the case with- 
out the halftoning process. Similar effects of the tone 
20 correction are expected in the case with the halftoning 
process. 

[0090] The procedure of the above embodiment ap- 
plies the halftoning process according to the dither 
method forthe color reduction. This disperses the pixels 
25 having an identical display tone value CDX, thus effec- 
tively preventing the appearance of the quasi-contour 
and improving the picture quality of the resulting dis- 
played images. 

[0091] In the above embodiment, arbitrary settings 
30 may be given to the tone curve shown in Fig. 4 and the 
tone value correction table LUT shown in Fig. 5 accord- 
ing to the display characteristics of the color LCD panel 
20. This arrangement ensures the software support on 
the replacement of the color LCD panel 20 and the ad- 
35 justment of the picture quality. 

C. Modification of First Embodiment 

[0092] Fig. 10 is a block diagram schematically illus- 

40 trating the structure of a cellular phone 1 0A with an im- 
age processing apparatus in one modified example of 
the first embodiment. The constituents of this modified 
example other than those discussed below are identical 
with those of the first embodiment. The cellular phone 

45 10A has the color LCD panel 20 as the image display 
and a system unit 60A. The system unit 60A includes 
the application programs 30, the browser 40, and an im- 
age processing module 50A. The image processing 
module 50A has an image processing unit 52A and the 

50 LCD driver 56. The image processing unit 52A includes 
the resolution conversion unit 53, a first image data cor- 
rection unit 541, a second image data correction unit 
542, and the halftoning process unit 55. The image 
processing unit 52A also includes a first tone value cor- 

55 rection table and a second tone value correction table, 
which are respectively referred to by the first image data 
correction unit 541 and the second image data correc- 
tion unit 542. The first image data correction unit 541 
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and the first tone value correction table are identical with 
the image data correction unit 54 and the tone value cor- 
rection table LUT of the first embodiment. 
[0093] The second image data correction unit 542 
carries out second tone correction that converts the first 
corrected value output from the first image data correc- 
tion unit 541 into a second corrected value. The halfton- 
ing process unit 55 then carries out the halftoning proc- 
ess of the second corrected value. The second tone cor- 
rection by the second image data correction unit 542 is 
practiced between the processes of steps S140 and 
S150 in the flowchart of Fig. 2. 

[0094] Fig. 11 shows a tone curve with regard to R 
(red) that represents the mapping of input first corrected 
values DXr to second corrected values DXr' and is re- 
corded in the second tone value correction table. A solid 
line curve La1 represents the tone curve. For example, 
the second tone correction converts the first corrected 
value DXr =64 with regard to a certain pixel into the sec- 
ond corrected value DXr 1 =52. No tone correction is per- 
formed when the setting of the tone curve follows a 
curve of one-dot chain line La2. In a specific area where 
the first corrected value DXr is smaller than p, the first 
corrected value DXr is converted to the second correct- 
ed value DXr 1 that is smaller than DXr. In another area 
where the first corrected value DXr is greater than p, on 
the contrary, the first corrected value DXr is converted 
to the second corrected value DXr' that is greater than 
DXr. 

[0095] The second tone correction enhances the con- 
trast in the displayed image. The halftoning process re- 
duces the probability that pixels having a large differ- 
ence in lightness adjoin to each other in the intermediate 
tones, thus improving the picture quality of the resulting 
displayed image. The processing may carry out the first 
tone correction and the second tone correction in the 
reverse order. Another applicable procedure may carry 
out the tone correction only once with a composite tone 
curve, which is obtained by combining the tone curve 
for the first tone correction with the tone curve for the 
second tone correction. 

D. Second Embodiment 

[0096] Fig. 12 is a block diagram schematically illus- 
trating the structure of a cellular phone 1 0B with an im- 
age processing apparatus in a second embodiment of 
the present invention. The constituents of the second 
embodiment other than those discussed below are iden- 
tical with those of the first embodiment. The cellular 
phone 10B has a color LCD panel 20B as the image 
display and a system unit 60B. The color LCD panel 20B 
of the cellular phone 1 0B is provided with a temperature 
sensor 70 and an optical sensor 80. The temperature 
sensor 70 measures the temperature of the environ- 
ment in which the color LCD panel 20B is used. The op- 
tical sensor 80 measures the brightness of the environ- 
ment in which the color LCD panel 20B is used. 



[0097] The system unit 60B includes the application 
programs 30, the browser 40, and an image processing 
module 50B. The image processing module 50B has an 
image processing unit 52B and an LCD driver 56B. The 
5 image processing unit 52B includes the resolution con- 
version unit 53, the image data correction unit 54, a plu- 
rality of tone value correction tables LUTs referred to by 
the image data correction unit 54, a table selection unit 
57, and the halftoning process unit 55. 
[0098] The plurality of tone value correction tables 
LUTs are provided as lookup tables corresponding to a 
plurality of working environments (combinations of the 
temperature and the brightness) of the color LCD panel 
20B. Fig. 13 is a map showing the relationship between 
the temperature and the brightness of the environment, 
in which the color LCD panel is used, and the lookup 
table to be used fortone correction. In this embodiment, 
9 lookup tables LUT1 through LUT9 are provided in ad- 
vance corresponding to different combinations of the 
temperature and the brightness. For example, the 
lookup table LUT1 is mapped to a temperature range of 
Ta to Tb and a brightness range of La to Lb. The table 
selection unit 57 refers to this map and selects an ap- 
propriate lookup table according to the results of meas- 
urement by the temperature sensor 70 and the optical 
sensor 80. For example, the lookup table LUT5 is se- 
lected at an observed temperature Tm and an observed 
brightness Lm. 

[0099] The LCD driver 56B has the electronic volume 
58 and an electronic volume automatic setting unit 59. 
Like the map of Fig. 13 discussed above, a map is pro- 
vided to define the relationship between the tempera- 
ture and the brightness of the environment, in which the 
color LCD panel 20B is used, and the setting of the elec- 
tronic volume 58. The electronic volume automatic set- 
ting unit 59 refers to this map and specifies the setting 
of the electronic volume 58 according to the results of 
measurement by the temperature sensor 70 and the op- 
tical sensor 80, so as to maximize the contrast of the 
color LCD panel 20B. 

[0100] The variation in setting of the electronic volume 
58 changes the display characteristics of the color LCD 
panel 20B. The lookup tables LUT1 through LUT9 are 
thus prepared by taking into account the settings of the 
electronic volume 58. Fig. 1 4A and 1 4B show an exam- 
ple of the relationship between the setting of the elec- 
tronic volume 58 and the tone curve. Here it is assumed 
that the temperature and the brightness of the working 
environment of the color LCD panel 20B are fixed. As 
shown in Fig. 14A, a change of the setting of the elec- 
tronic volume 58 varies the range of the effective driving 
voltage of the color LCD panel 20B in the sequence of 
(1), (2), and (3) (see Fig. 22). The tone curve to be used 
for tone correction is then changed according to the pro- 
file of the transmission of the color LCD panel 20B in the 
sequence of (1 ), (2), and (3) shown in Fig. 1 4B. Like the 
tone curve discussed in thef irst embodiment, these tone 
curves (1 ), (2), and (3) have the effects of compensating 
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for the non-linear display characteristics of the color 
LCD panel 20B. 

[0101] As discussed above, the color LCD panel 20B 
changes its display characteristics according to the en- 
vironmental conditions including the temperature and 
the brightness as well as the setting of the electronic 
volume. The arrangement of the second embodiment 
gives the appropriate contrast and ensures adequate 
image processing according to the environmental con- 
ditions, in which the color LCD panel 20B is used. This 
improves the picture quality of the resulting displayed 
image on the color LCD panel 20B. 

E. Third Embodiment 

[0102] Fig. 15 is a block diagram schematically illus- 
trating the structure of a cellular phone 1 0C with an im- 
age processing apparatus in a third embodiment of the 
present invention. The constituents of the third embod- 
iment other than those discussed below are identical 
with those of the second embodiment. The cellular 
phone 10C has the color LCD panel 20B as the image 
display and a system unit 60C. The color LCD panel 20B 
is provided with the temperature sensor 70 and the op- 
tical sensor 80. The observed temperature and bright- 
ness with these sensors 70 and 80 are transmitted to 
the electronic volume automatic setting unit 59 and a 
tone value correction data generation unit 54D, which 
will be discussed below. 

[0103] The system unit 60C includes the applications 
program 30, the browser 40, and an image processing 
module 50C. The image processing module 50C has an 
image processing unit 52C and the LCD driver 56B. The 
image processing unit 52C includes the resolution con- 
version unit 53, an image data correction unit 54C, and 
the halftoning process unit 55. 

[0104] The image data correction unit 54C has the 
tone value correction data generation unit 54D. The tone 
value correction data generation unit 54D has the func- 
tion of creating the tone curve discussed above. Fig. 1 6 
shows a process of creating the tone curve. At first step 
S300, the process specifies the display characteristics 
of the color LCD panel 20B, which represent the rela- 
tionship between the input tone value and the output 
lightness, according to the results of measurement by 
thetemperaturesensor70 andthe optical sensor80 and 
the setting of the electronic volume 58. A plurality of dis- 
play characteristic curves corresponding to various 
combinations of the temperature and the brightness and 
the setting of the electronic volume are provided in ad- 
vance and stored in a memory. The concrete procedure 
of step S300 accordingly selects an adequate one 
among the plurality of display characteristic curves. The 
process then reads a desired display characteristic 
curve, which is also prepared in advance and stored in 
a memory, at step S320. The desired display character- 
istic curve may be set arbitrarily. One example is a linear 
relationship between the input tone value and the output 



lightness. Another example takes into account the gam- 
ma characteristics of the color LCD panel 20B. The 
process subsequently sets the tone curve to compen- 
sate for the difference between the specified display 

5 characteristic curve and the desired display character- 
istic curve at step S340. The image data correction unit 
54C corrects the tone values of the image data with the 
tone value correction data thus generated. 
[0105] The arrangement of the third embodiment 

10 does not require a plurality of lookup tables to be stored 
in advance corresponding to various combinations of 
the temperature and the brightness, that is, the various 
working environments of the color LCD panel 20B. This 
effectively saves the storage capacity. 

15 

F. Fourth Embodiment 

[0106] Fig. 17 is a block diagram schematically illus- 
trating the structure of a cellular phone 1 0D with an im- 
20 age processing apparatus in a fourth embodiment of the 
present invention. The constituents of the fourth embod- 
iment other than those discussed below are identical 
with those of the first embodiment. The cellular phone 
10D has the color LCD panel 20 as the image display 
25 and a system unit 60D. The system unit 60D includes 
the application programs 30, the browser 40, and an im- 
age processing module 50D. The image processing 
module 50D has an image processing unit 52D and the 
LCD driver 56. The image processing unit 52D includes 
30 the resolution conversion unit 53 and a halftoning proc- 
ess unit 55D. The image processing unit 52D of the 
fourth embodiment does not have the image data cor- 
rection unit or the tone value correction table for tone 
correction of the image data. 
35 [0107] The halftoning process unit 55D carries out the 
processing discussed below. Fig. 1 8A and 1 8B showthe 
relationship between the input value (or the corrected 
value) and the recording rate of the display tone value 
CDX. The graph of Fig. 18A represents the halftoning 
40 process executed in the first embodiment, whereas the 
graph of Fig. 18B represents the halftoning process ex- 
ecuted in the fourth embodiment. The recording rate 
here means a fraction occupied by certain pixels in a 
solid area continuously filled with a specific tone value. 
45 in the graph of Fig. 1 8A, for example, when the correct- 
ed value obtained by tone correction of the tone value 
in the solid area is equal to 91 , pixels having the display 
tone value CDX =2 and pixels having the display tone 
value CDX =3 appear in a dispersed manner at a ratio 
50 of 50% to 50%. Namely the pixels having the corrected 
value of 91 are allocated to either the display tone value 
CDX =2 or CDX =3 with the probability of 50%. 
[01 08] The procedure of the first embodiment sets the 
threshold values TH1 to TH6, which are used for the 
55 halftoning process, at substantially equal intervals as 
shown in Fig. 1 8A. The procedure of the fourth embod- 
iment adopts the different settings of the threshold val- 
ues TH1 to TH6 as shown in Fig. 18B. In the fourth em- 
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bodiment, the threshold values TH1 to TH6 are set at 
varying intervals, which are equivalent to the varying in- 
tervals of the output lightness against the display tone 
value CDX. For example, it is assumed that the color 
LCD panel 20 can output the lightness in the range of 0 
to 100. The output lightness is 0, 5, 17, 37, 62, 84, 95, 
and 100 respectively against the display tone value CDX 
=0, 1,2,3, 4, 5, 6, and 7. The settings of the threshold 
values TH1 to TH6 are then 13, 43, 94, 158, 214, and 
242. It is not necessary that the varying intervals of the 
threshold values are strictly identical with the varying in- 
tervals of the lightness. 

[0109] In the arrangement of the fourth embodiment, 
the halftoning process implements the image process- 
ing to compensate for the non-linear display character- 
istics of the color LCD panel 20. This image processing 
is equivalent to the two-step image processing of the 
first embodiment, that is, the tone correction and the 
halftoning process. 

[0110] One possible modification may carry out the 
image processing by a combination of the halftoning 
process unit 55D of the fourth embodiment and the im- 
age data correction unit 54 of the first embodiment. In 
this modified arrangement, the image data correction 
unit 54 carries out the tone correction to partly compen- 
sate forthe non-linear display characteristics of thecolor 
LCD panel 20. The halftoning process 55D then bears 
the rest of compensation. 

G. Fifth Embodiment 

[0111] Fig. 19 is a block diagram schematically illus- 
trating the structure of a cellular phone 1 0E with an im- 
age processing apparatus in a fifth embodiment of the 
present invention. The constituents of the fifth embodi- 
ment other than those discussed below are identical 
with those of the second embodiment. The cellular 
phone 10E has the color LCD panel 20B as the image 
display and a system unit 60E. The system unit 60E in- 
cludes the application programs 30, the browser 40, and 
an image processing module 50E. The image process- 
ing module 50E has an image processing unit 52E and 
the LCD driver 56B. The image processing unit 52E in- 
cludes the resolution conversion unit 53, a halftoning 
process unit 55E, and a threshold value selection unit 
57E. 

[0112] The threshold value selection unit 57E has a 
plurality of threshold value tables, which are provided 
corresponding to various working environments (vari- 
ous combinations of the temperature and the bright- 
ness) and the setting of the electronic volume 58. The 
threshold values TH1 to TH6 used for the halftoning 
process are stored in each threshold value table. The 
threshold value selection unit 57E selects an optimum 
threshold value table according to the results of meas- 
urement by the temperature sensor 70 and the optical 
sensor 80. The halftoning process unit 55E carries out 
the halftoning process based on the selected threshold 



value table. In the procedures of this embodiment, the 
threshold value selection unit 57E selects an optimum 
table among the plurality of threshold value tables. One 
modified application may set the respective threshold 
5 values according to predetermined arithmetic opera- 
tions. 

[0113] The arrangement of the fifth embodiment im- 
plements the image processing that is equivalent to that 
performed in the second embodiment. 

10 [0114] Any of the image processing apparatuses of 
the embodiments discussed above has the processing 
carried out by the computer. Other applications of the 
present invention thus include computer programs to 
implement such processing as well as recording media 

15 in which the computer programs are recorded. The re- 
cording medium may include the tone curve that is re- 
corded therein as the tone value correction table and is 
used for the image processing executed in the first em- 
bodiment or the second embodiment. Typical examples 

20 of the recording medium include flexible disks, CD- 
ROMs, magneto-optic discs, IC cards, ROM cartridges, 
punched cards, prints with barcodes or other codes 
printed thereon, internal storage devices (memories like 
a RAM and a ROM) and external storage devices of the 

25 computer, and a variety of other computer readable me- 
dia. 

H. Modifications 

30 [0115] The present invention is not restricted to the 
above embodiments or their modifications, but there 
may be many other modifications, changes, and altera- 
tions without departing from the scope or spirit of the 
main characteristics of the present invention. Some ex- 
35 amples of possible modification are given below. 

H1 . Modification 1 

[0116] The above embodiments regard the applica- 
nt? tion of the present invention for the cellular phone, but 
the present invention is not restricted to such applica- 
tion. For example, the principle of the present invention 
is applicable to mobile information terminals and a di- 
versity of electronic apparatuses with a liquid crystal dis- 
^5 play unit for displaying images, such as car navigation 
systems. 

H2. Modification 2 

50 [0117] In the above embodiments, the image display 
has the color LCD panel of passive matrix actuation. In 
general, the present invention is applicable to any liquid 
crystal display unitthat has a less number of expressible 
tones than the number of tones included in original im- 
55 age data. One possible application of the present inven- 
tion is a color LCD panel of active matrix actuation using 
a TFT (thin film transistor) orTFD (thin film diode). The 
color LCD panel of frame skipping-type actuation used 
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in the above embodiments may be replaced with anoth- 
er color LCD panel of pulse width modulation-type ac- 
tuation. 

[0118] Although the technique of the present inven- 
tion is especially effective for the non-linear relationship 
between the inputtone value and the display tone value, 
it is also applicable to linear display characteristics. In 
the latter case, tone correction according to each linear 
display characteristic improves the picture quality of the 
resulting displayed image. The display characteristics 
to be considered here include the general bias of light- 
ness, an increase in lightness with an increase in display 
tone value, and the number of expressible tones. 

H3. Modification 3 

[0119] The above embodiments regard the applica- 
tion of the present invention forthe liquid crystal display 
unit of voltage actuation and control. The present inven- 
tion is also applicable to another liquid crystal display 
unit of electric current actuation and control and a diver- 
sity of other image displayes that enable multiple tone 
expression of images by regulating any driving signal. 

H4. Modification 4 

[0120] In the above embodiments, the input image da- 
ta file follows the GIF of the 8-bit color table. The input 
image data may, however, follow another format, for ex- 
ample, JPEG of the 24-bit RGB colors. 

H5. Modification 5 

[0121] The procedures of the first through the third 
embodiments carry out the halftoning process, but the 
halftoning process may be omitted from the series of the 
processing. 

H6. Modification 6 

[0122] The arrangement of the second embodiment 
specifies the tone value correction table and the setting 
of the electronic volume according to the temperature 
and the brightness of the environment, in which thecolor 
LCD panel is used. The specification may alternatively 
depend upon either one of the environmental tempera- 
ture and brightness. Lookup tables corresponding to 
various combinations of the temperature and the bright- 
ness of the environment, in which the color LCD panel 
is used, may be provided separately from lookup tables 
corresponding to the settings of the electronic value. In 
this case, the tone correction may have two steps using 
the respective tables. The specification may also de- 
pend upon the brightness and the on-off state of the 
backlight of the color LCD panel. 



H7. Modification 7 

[0123] In the above embodiments, the cellular phone 
has both the image display and the image processing 
5 apparatus. The image processing apparatus may alter- 
natively be independent of the image display. The server 
SV that stores image data may be provided with part or 
the whole of the image processing apparatus of the 
present invention. For example, in the process of trans- 
mission of image data to the cellular phone, the server 
SV may carry out the series of image processing up to 
the tone correction, whereas the cellular phone carries 
outthe halftoning process. In another example, the serv- 
er SV may carry out the series of image processing up 
to the halftoning process. The server SV may perform 
such processing in the course of storing the uploaded 
image data. 

[0124] The user's computer or any other equivalent 
may also be provided with part or the whole of the image 
processing apparatus of the present invention. The us- 
er's computer may perform the series of image process- 
ing up to the tone correction or up to the halftoning proc- 
ess, prior to upload of image data to the server SV. 
[0125] This application specifies the display charac- 
teristic of an image display of interest (in this embodi- 
ment, this corresponds to the model of the cellular 
phone) and corrects the image data according to the 
specified display characteristic to improve the picture 
quality of resulting displayed images. 



Claims 

1 . An image processing apparatus that carries out pre- 
35 determined image processing of image data, which 
are to be displayed on an image display, and there- 
by generates supplying data to the image display, 



the image display being a liquid crystal display 
40 unit that provides frame skipping-type tone dis- 

play and has a less number of expressible dis- 
play tones with regard to each pixel than a 
number of tones in the image data, 
the image processing apparatus comprising: 

45 

an input unit that inputs the image data; 
and 

a color reduction process unit that sets a 
display tone value, which is expressible by 
50 the liquid crystal display unit, with regard to 

each pixel, based on tone values of the im- 
age data, 

wherein a range of the tone values allocat- 
ed to each display tone value in at least ei- 
55 ther one of a high tone region and a low 

tone region by the color reduction process 
unit is narrowerthanthatin an intermediate 
tone region. 
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2. An image processing apparatus in accordance with 
claim 1, wherein the color reduction process unit 
carries out a dispersion-type halftoning process. 

3. An image processing apparatus in accordance with 
claim 1 further comprises an image data correction 
unit carries out the tone correction that reduces a 
tone distribution in an intermediate tone region 
while enhancingtone distributions in both a lowtone 
region and a high tone region. 

4. An image processing apparatus in accordance with 
claim 2 further comprises an image processing ap- 
paratus further comprising: 

storage means that stores therein a mapping of 
tone values of the input image data to corrected 
tone values, 

wherein the image correction unit refers to the 
storage means to correct the tone values. 

5. An image processing apparatus that carries out pre- 
determined image processing of image data, which 
are to be displayed on an image display, and there- 
by generates supplying data to the image display, 

the image display having a less number of ex- 
pressible display tones with regard to each pix- 
el than a number of tones included in the image 
data, giving output lightness that varies step- 
wise against display tone value, and having a 
non-linear display characteristic that provides 
the output lightness at varying intervals, 
the image processing apparatus comprising: 

an image data correction unit that carries 
out tone correction by taking into account 
the non-linear display characteristic to en- 
hance a tone distribution corresponding to 
an area of wide intervals, while reducing a 
tone distribution corresponding to an area 
of narrow intervals in a tone distribution of 
input image data; and 
a color reduction process unit that divides 
a range of the tone correction into a preset 
number of divisions and allocates tone cor- 
rected values in each division to each dis- 
play tone value according to a predeter- 
mined rule, so as to implement color reduc- 
tion. 

6. An image processing apparatus in accordance with 
claim 5, wherein the preset number of divisions are 
obtained by dividing the range of the tone correction 
into substantially equal parts. 

7. An image processing apparatus in accordance with 
claim 5, wherein the color reduction process unit 



carries out a dispersion-type halftoning process. 

8. An image processing apparatus in accordance with 
claim 7, wherein the color reduction process unit 

5 carries out the dispersion-type halftoning process 

only when the image data is a specified type. 

9. An image processing apparatus in accordance with 
claim 5, wherein the image display is applied for a 

10 cellular phone and implements frame skipping-type 
tone display. 

1 0. An image processing apparatus that carries out pre- 
determined image processing of image data, which 

15 are to be displayed on an image display, and there- 
by generates supplying data to the image display, 

the image display having a less number of ex- 
pressible display tones with regard to each pix- 
20 el than a number of tones included in the image 

data, giving output lightness that varies step- 
wise against display tone value, and having a 
non-linear display characteristic that provides 
the output lightness at varying intervals, 
25 the image processing apparatus comprising: 

a color reduction process unitthat divides 
a range of tone values of the image data into 
plural divisions of varying widths corresponding 
to the non-linear display characteristic and al- 
so locates tone values in each division to each dis- 
play tone value according to a predetermined 
rule, so as to implement color reduction. 

1 1 . An image processing apparatus in accordance with 
35 claim 10, wherein the color reduction process unit 

carries out a dispersion-type halftoning process. 

12. An image processing apparatus in accordance with 
claim 11, wherein the color reduction process unit 

40 carries out the dispersion-type halftoning process 
only when the image data is a specified type. 

13. An image processing apparatus in accordance with 
claim 1 0, wherein the image display is applied for a 

45 cellular phone and implements frame skipping-type 
tone display. 

14. An image processing apparatus in accordance with 
claim 5, wherein the image data correction unit car- 

50 ries out the tone correction that reduces a tone dis- 
tribution in an intermediate tone region while en- 
hancing tone distributions in both a low tone region 
and a high tone region. 

55 15. An image processing apparatus in accordance with 
claim 5, the image processing apparatus further 
comprising: 
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storage means that stores therein a mapping of 
tone values of the input image data to corrected 
tone values, 

wherein the image correction unit refers to the 
storage means to correct the tone values. 5 

16. An image processing apparatus in accordance with 
claim 1 5, the image processing apparatus compris- 
ing: 

10 

a plurality of the storage means that are provid- 
ed corresponding to a plurality of settings for a 
predetermined condition, the predetermined 
condition affecting the display characteristic of 
the image display; and 15 
a storage means selection unit that selects one 
among the plurality of storage means, based on 
an input setting for the predetermined condi- 
tion. 

20 

17. An image processing apparatus in accordance with 
claim 16, wherein the predetermined condition is 
temperature around the image display. 

18. An image processing apparatus in accordance with 25 
claim 16, wherein the predetermined condition is 
brightness around the image display. 

19. An image processing apparatus in accordance with 
claim 1 6, wherein the image display is a liquid crys- 30 
tal display unit with a backlight, and the predeter- 
mined condition is brightness of the backlight. 

20. An image processing apparatus in accordance with 
claim 16, wherein the predetermined condition is a 35 
setting of a contrast adjuster that adjusts display 
contrast of the image display. 

21 . An image processing apparatus that carries out pre- 
set tone correction of image data, which are to be 40 
displayed on an image display, 

the image display having a less number of ex- 
pressible display tones with regard to each pix- 
el than a number of tones included in the image 45 
data and giving output lightness that varies 
stepwise against display tone value, 
the image processing apparatus comprising: 

a first storage unit that stores a plurality of 50 
characteristic curves corresponding to a 
plurality of settings for a predetermined pa- 
rameter, each characteristic curve repre- 
senting a relationship between the tone 
value of the image data and the lightness; 55 
a second storage unit that stores therein a 
preset characteristic curve that represents 
a desired relationship between the tone 



value and the lightness; 
a data generation unit that receives an in- 
put of the predetermined parameter, se- 
lects a characteristic curve among the plu- 
rality of characteristic curves according to 
the input of the predetermined parameter, 
and generates data that represents a map- 
ping of tone values of input image data to 
corrected tone values, based on the select- 
ed characteristic curve and the preset 
characteristic curve, so as to compensate 
for a difference between the selected char- 
acteristic curve and the preset characteris- 
tic curve; and 

an image data correction unit that corrects 
tone values of the input image data by re- 
ferring to the generated data. 

22. An image processing apparatus that carries out pre- 
determined image processing of image data, which 
are to be displayed on an image display, and there- 
by generates supplying data to the image display, 

the image processing apparatus comprising: 

storage means that stores in advance a rela- 
tionship between tone values before and after 
tone correction, which is set based on a display 
characteristic of the image display; 
an image data correction unit that carries out 
tone correction of the image data, based on the 
stored relationship; and 
a color reduction process unit that carries out 
color reduction to convert tones of the corrected 
image data into tones expressible by the image 
display. 

23. An image processing apparatus in accordance with 
claim 22, wherein the color reduction process unit 
carries out a dispersion-type halftoning process. 

24. An image processing apparatus in accordance with 
claim 22, the image processing apparatus compris- 
ing: 

a plurality of the storage means that are provid- 
ed corresponding to a plurality of settings for a 
predetermined condition, the predetermined 
condition affecting the display characteristic of 
the image display; and 

a storage means selection unit that selects one 
among the plurality of storage means, based on 
an input setting for the predetermined condi- 
tion. 

25. An image processing method that carries out pre- 
determined image processing of image data, which 
are to be displayed on a liquid crystal display unit, 
and thereby generates data that are supplied to the 
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liquid crystal display unit, the liquid crystal display 
unit providing frame skipping-type tone display and 
having a less number of expressible display tones 
with regard to each pixel than a number of tones in 
the image data, 

the image processing method comprising the 
steps of: 

(a) specifying a display characteristic of the liq- 
uid crystal display unit of interest; and 

(b) setting a display tone value, which is ex- 
pressible by the liquid crystal display unit, with 
regard to each pixel, based on tone values of 
the image data, so that a range of the tone val- 
ues allocated to each display tone value in at 
least either one of a high tone region and a low 
tone region is narrower than that in an interme- 
diate tone region. 

26. An image processing method that carries out pre- 
determined image processing of image data, which 
are to be displayed on an image display, and there- 
by generates supplying data to the image display, 
the image display having a less number of express- 
ible display tones with regard to each pixel than a 
number of tones included in the image data, giving 
output lightness that varies stepwise against dis- 
play tone value, and having a non-linear display 
characteristic that provides the output lightness at 
varying intervals, 

the image processing method comprising the 
steps of: 

(a) specifying a display characteristic of the im- 
age display of interest; 

(b) carrying out tone correction by taking into 
account the non-linear display characteristic to 
enhance a tone distribution corresponding to 
an area of wide intervals, while reducing a tone 
distribution corresponding to an area of narrow 
intervals in a tone distribution of input image da- 
ta; and 

(c) dividing a range of the tone correction into 
a preset number of divisions and allocating tone 
corrected values in each division to each dis- 
play tone value according to a predetermined 
rule, so as to implement color reduction. 

27. An image processing method that carries out pre- 
determined image processing of image data, which 
are to be displayed on an image display, and there- 
by generates supplying data to the image display, 
the image display having a less number of express- 
ible display tones with regard to each pixel than a 
number of tones included in the image data, giving 
output lightness that varies stepwise against dis- 
play tone value, and having a non-linear display 
characteristic that provides the output lightness at 



varying intervals, 

the image processing method comprising the 
steps of: 

(a) specifying a display characteristic of the im- 
age display of interest; 

(b) dividing a range of tone values of the image 
data into plural divisions of varying widths cor- 
responding to the non-linear display character- 
istic and allocating tone values in each division 
to each display tone value according to a pre- 
determined rule, so as to implement color re- 
duction. 

28. A method of generating data that are used for pre- 
determined tone correction of image data, which 
are to be displayed on an image display, the image 
display having a less number of expressible display 
tones with regard to each pixel than a number of 
tones included in the image data and giving output 
lightness that varies stepwise against display tone 
value, 

the data generating method comprising the 
steps of: 

(a) specifying a characteristic curve that repre- 
sents a current relationship between the tone 
value of the image data and the lightness; 

(b) presetting a characteristic curve that repre- 
sents a desired relationship between the tone 
value and the lightness; and 

(c) generating data that represents a mapping 
of tone values of input image data to corrected 
tone values, based on the characteristic curve 
specified in the step (a) and the characteristic 
curve preset in the step (b), so as to compen- 
sate for a difference between the specified 
characteristic curve and the preset character- 
istic curve. 

29. An image processing method that carries out pre- 
determined image processing of image data, which 
are to be displayed on an image display, and there- 
by generates supplying data to the image display, 

the image processing method comprising the 
steps of: 

storing in advance a relationship between tone 
values before and after tone correction, which 
is set based on a display characteristic of the 
image display, 

carrying out tone correction of the image data, 
based on the stored relationship; and 
carrying out color reduction to convert tones of 
the corrected image data into tones expressible 
by the image display. 

30. A computer program product that comprises a com- 
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puter program carrying out predetermined image 
processing of image data, which are to be displayed 
on a liquid crystal display unit, the liquid crystal dis- 
play unit providing frame skipping-type tone display 
and having a less number of expressible display 
tones with regard to each pixel than a number of 
tones in the image data, 

the computer program causing a computer to 
attain the functions of: 

specifying a display characteristic of the liquid 
crystal display unit of interest; and 
setting a display tone value, which is express- 
ible by the liquid crystal display unit, with regard 
to each pixel, based on tone values of the im- 
age data, so that a range of the tone values al- 
located to each display tone value in at least 
either one of a high tone region and a low tone 
region is narrower than that in an intermediate 
tone region. 

31 . A computer program product that comprises a com- 
puter program carrying out predetermined image 
processing of image data, which are to be displayed 
on an image display, the image display having a less 
number of expressible display tones with regard to 
each pixel than a number of tones included in the 
image data, giving output lightness that varies step- 
wise against display tone value, and having a non- 
linear display characteristic that provides the output 
lightness at varying intervals, 

the computer program causing a computer to 
attain the functions of: 

specifying a display characteristic of the image 
display of interest; 

carrying out tone correction by taking into ac- 
count the non-linear display characteristic to 
enhance a tone distribution corresponding to 
an area of wide intervals, while reducing a tone 
distribution corresponding to an area of narrow 
intervals in a tone distribution of input image da- 
ta; and 

dividing a range of the tone correction into a 
preset number of divisions and allocating tone 
corrected values in each division to each dis- 
play tone value according to a predetermined 
rule, so as to implement color reduction. 

32. A computer program product that comprises a com- 
puter program carrying out predetermined image 
processing of image data, which are to be displayed 
on an image display, the image display having a less 
number of expressible display tones with regard to 
each pixel than a number of tones included in the 
image data, giving output lightness that varies step- 
wise against display tone value, and having a non- 
linear display characteristic that provides the output 



lightness at varying intervals, 

the computer program causing a computer to 
attain the functions of: 

specifying a display characteristic of the image 
display of interest; 

dividing a range of tone values of the image da- 
ta into plural divisions of varying widths corre- 
sponding to the non-linear display characteris- 
tic and allocating tone values in each division 
to each display tone value according to a pre- 
determined rule, so as to implement color re- 
duction. 

33. A computer program product that comprises a com- 
puter program generating data used for predeter- 
mined tone correction of image data, which are to 
be displayed on an image display, the image display 
having a less number of expressible display tones 
with regard to each pixel than a number of tones 
included in the image data, giving output lightness 
that varies stepwise against display tone value, and 
having a non-linear display characteristic that pro- 
vides the output lightness at varying intervals, 

the computer program causing a computer to 
attain the functions of: 

specifying a characteristic curve that repre- 
sents a current relationship between the tone 
value of the image data and the lightness; 
presetting a characteristic curve that repre- 
sents a desired relationship between the tone 
value and the lightness; and 
generating data that represents a mapping of 
tone values of the image data to corrected tone 
values, based on the specified characteristic 
curve and the preset characteristic curve, so as 
to compensate for a difference between the 
specified characteristic curve and the preset 
characteristic curve. 

34. A recording medium in which a computer program 
is recorded in a computer readable manner, the 
computer program carrying out predetermined im- 
age processing of image data, which are to be dis- 
played on an image display, the image display hav- 
ing a less number of expressible display tones with 
regard to each pixel than a number of tones includ- 
ed in the image data, giving output lightness that 
varies stepwise against display tone value, and 
having a non-linear display characteristic that pro- 
vides the output lightness at varying intervals, 

the recording medium including data that are 
recorded therein to represent a mapping of tone val- 
ues of image data input into the image processing 
apparatus to corrected tone values, as data applied 
for the image processing. 
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